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ABSTRACT 
Rana pipiens embryos at the end of the blastula stage were dissociated and the cell suspen- 
sion  was  separated  into  presumptive  ectoderm,  mesoderm,  light  endoderm,  and  heavy 
endoderm cells by a discontinuous density gradient centrifugation technique. The isolated 
germ layers were analyzed for total lipid, lipid phosphorus, plasmalogen, RNA, and DNA. 
Per gram dry weight, DNA showed  a  threefold decrease from ectoderm to heavy endo- 
derm. On the same basis, the RNA content of the mesoderm was 34 per cent higher than 
that of ectoderm, and 320 and 570 per cent higher than that of light and heavy endoderm, 
respectively. In addition to the RNA and DNA gradients, there were at least two super- 
imposed lipid gradients: a  neutral lipid gradient decreasing from ectoderm to  endoderm, 
and  a  total phospholipid gradient increasing from ectoderm to endoderm.  In contrast to 
total  phospholipid,  a  specific  phospholipid  class,  ethanolamine  plasmalogen,  decreased 
from ectoderm to endoderm.  The  total lipid content per gram dry weight was the same 
in  all  the  germ  layers.  Total  phospholipids were  analyzed  quantitatively by  thin  layer 
chromatography.  Phosphatidylcholine,  phosphatidylethanolamine,  sphingomyelin,  and 
inositol phospholipid constituted  34,  13,  12,  and  34  per cent,  respectively, of the  total 
lipid phosphorus.  The  phospholipid composition was  different in  each  germ  layer. The 
possible role of specific lipids in embryonic induction and differentiation is discussed. 
INTRODUCTION 
Biosynthetic activity is minimal in the vertebrate 
embryo until the end of the blastula stage (1,  2). 
Incorporation  of labeled  precursors  into  protein 
(3, 4,  5)  or RNA  (3,  4)  occurs mainly in the nu- 
clei, and  there is no apparent difference between 
nuclei from different regions of the blastula. 
At gastrulation, morphogenetic movements oc- 
cur which result in the determination of the main 
tissue-  and  organ-forming  areas  of  the  embryo. 
Determination  and  differentiation  begin  in  the 
animal  pole region,  toward  the  dorsal side,  and 
progress  toward  the  vegetal  and  ventral  aspect. 
At  gastrulation,  cytoplasmic  protein  and  RNA 
synthesis  increases  following  the  morphogenetic 
gradient,  being  highest  at  the  animal  pole  and 
toward  the  dorsal  side.  Simultaneously the  syn- 
thetic  activity of the  nuclei  increases and  varies 
according to these same gradients (4). 
Present evidence indicates that  the patterns of 
differentiation are  probably determined  at  least 
in  part  by the  gradients of cytoplasmic material 
which  were  present  in  the  fertilized egg  (5,  6). 
Mitotic  activity  during  blastula  formation  sub- 
divides  these  gradients  so  that  each  nucleus  is 
surrounded  by  a  somewhat  different  cytoplasm 
(6).  Gradients  have  previously  been  described 
(1,  7)  for RNA, --SH  protein,  and  a  variety of 
constituents  including  cell  particulates  such  as 
the  yolk  platelets.  These  platelets are  a  hetero- 
geneous  population of dense  particles containing 
21 lipid,  protein,  and  RNA.  They  are  smaller  and 
constitute a  smaller proportion of the  cytoplasm 
in cells at  the animal pole, and increase progres- 
sively both in size and in their contribution to the 
cytoplasm along the axis toward the vegetal pole. 
This gradient results in a  marked increase in both 
cell size and cell density along this axis. 
The present report is a  further investigation of 
the  cytoplasmic gradients in  terms  of the  major 
membrane-forming elements of the cell, the phos- 
pholipids.  The  discontinuous  density  gradient 
centrifugation technique of Stearns and Kostellow 
(8)  for  separating  presumptive  ectoderm,  meso- 
derm,  and  endoderm allows the lipids of the in- 
dividual germ layers to be quantitatively analyzed 
and  compared  with  other  cell  constituents such 
as  RNA  and  DNA.  The  results  show  that  im- 
mediately  before  increased  cytoplasmic  activity 
at the beginning of gastrulation there are marked 
differences in the phospholipid composition of the 
different germ layers. 
MATERIALS  AND  METHODS 
Materials 
Rana pipiens embryos at  Shumway stage 91~  were 
used  in  this study.  Adult frogs were  stored at  4°C. 
Ovulation was induced by frog pituitary injection and 
the  eggs  were  stripped  into  and  fertilized  in  a 
0.1  strength Ringer's solution, cut into small clusters, 
and maintained at 18°C for about 21 hours. 
Removal  of Jelly 
A  freshly prepared 0.7  per  cent  (v/v) solution of 
thioglycolic acid  (Matheson,  Coleman and  Bell)  in 
0.1  amphibian Ringer's solution was adjusted to pH 
8.3. The eggs were drained of fluid, placed in a finger 
bowl, and rinsed in enough of the thioglycolate solu- 
tion to cover them. The first rinse was discarded, and 
200  ml of thioglycolate solution containing 60  mg of 
trypsin (Worthington, recrystallized 2 X) was added 
per  1000 eggs.  The  bowl was placed  on  a  rotating 
table which was set in motion so as to keep the solu- 
tion swirling slowly without frothing or  turbulence. 
De  jellied eggs collected at the center of the bowl. They 
were withdrawn immediately, using a  pipette with a 
curved tip and a  3-mm opening, and were placed in 
0.1  Ringer's  solution.  Every  10  minutes,  the  eggs 
which had been dejellied and removed from the thio- 
glycolate  solution  during  that  time  were  rinsed  12 
times with 0.1  Ringer's solution and spread out so as 
to  minimize  contact  with  one  another.  Collections 
were  continued into  a  fresh  vessel.  After  about  30 
minutes,  the  thioglycolate-trypsin  solution  was 
drained from the eggs remaining in the rotating bowl 
and was replaced with fresh solution. Eggs which had 
not become dejellied after an hour's exposure to the 
solution were discarded. 
Removal  of V itelline  Membranes 
Dejellied eggs were rinsed four times with a 0.6 per 
cent solution of cysteine HC1  in Stearns' saline solu- 
tion  (8)  which  had  been  adjusted  to  pH  6.8.  The 
rinsed  eggs  were  distributed  in  Petri  dishes  and 
covered  with  the  cysteine HC1  solution to  which 
had been added 40 mg of papain (Worthington) per 
100  ml of solution.  As the vitelline membranes dis- 
solved,  the  eggs  were  removed with  a  pipette  and 
placed in the vessel used for dissociation. Eggs whose 
vitelline  membranes  were  not  removed  within  an 
hour were discarded. A different method for removal 
of jelly  and  vitelline  membranes  using  the  same 
enzymes has been reported by Spiegel (9). 
Dissociation  of Cells 
Dissociation was carried out in straight-sided vessels 
which had been lined on the bottom with 6 per cent 
agar and filled to a depth of 3 cm with Stearns' saline 
solution from which the Ca and Mg had been omitted. 
One milliliter of 0.2 M EDTA was added per 100 ml of 
solution,  and  the  vessels were swirled gently  at  10- 
minute  intervals.  After  a  40-minute  dissociation 
period,  cells were  allowed  to  settle for  15  minutes, 
and the dissociating medium was changed by siphon- 
ing  off  and  replacing  the  supernatant  fluid.  Eggs 
which had not dissociated within an hour and a half 
were  removed  from  the  vessel  and  discarded.  The 
dissociated cells were rinsed first with saline without 
Ca and Mg,  then with the complete saline solution, 
and finally with the complete Stearns' solution. 
Isolation  of Germ Layers from Late  Blastula 
Stage Embryos 
A  technique for the separation of the presumptive 
areas of the blastula was suggested by Barth's method 
(10)  for determining the density of embryonic frag- 
ments by suspending them in solutions of gum arabic 
of known densities. One-half-millimeter  explants were 
dissected from late blastula embryos, and allowed to 
sink through a discontinuous density gradient of gmn 
arabic. The density of the layer at which each explant 
was suspended was noted, and  a  map of density re- 
gions was drawn up.  A  simplified map  is  shown in 
Fig. 1. The use of this discontinuous density gradient 
for the separation of dissociated cells into presumptive 
ectoderm,  mesoderm,  and  cndoderm  has  been  re- 
ported previously (8),  but not described in detail. 
The density gradient was prepared as follows. A 29 
per cent solution of gum arabic in water was adjusted 
to pH 7.0,  and aliquots were diluted to the followin~ 
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FIGURE 1  Illustration of discontinuous  density  gra- 
dient used to separate areas  approximating presump- 
tive  ectoderm cells  (a),  presumptive  mesoderm cells 
(b), and presumptive endoderm cells  (c)  from a  disso- 
ciated cell suspension of amphibian embryos. 
densities  : 1.060,  1.073,  1.080, and 1.090. The solutions 
were layered into 200-ml centrifuge bottles as shown 
in Fig. 1, each layer being about 2 cm deep. One such 
bottle is adequate for the density gradient separation 
of dissociated cells from about 400 blastulae. 
The  dissociated cells were  drawn  into wide  bore 
pipettes with a curved tip and discharged very slowly 
so as to spread over the surface of the  1.060 density 
layer. The gradient system was centrifuged at  500 g 
for  10  minutes  in  an  International  Refrigerated 
Centrifuge Model PR1  with rotor no. 284.  Cells are 
found to be distributed largely at the gradient inter- 
faces and at the bottom of the centrifuge bottle. Each 
layer was withdrawn separately, again using a  wide 
bore pipette. The distribution of cells is as follows: 
1.  Interface  between culture  medium  and  1.060 
phase: smallest, most densely pigmented pre- 
sumptive ectoderm cells. 
9.  1.060-1.073  interface:  remaining  presumptive 
ectoderm cells. 
3.  1.073-1.080  interface:  presumptive  mesoderm 
cells. 
4.  1.080-1.090  interface: light presumptive end0- 
derm cells. 
5.  Bottom of centrifuge bottle : heavy presumptive 
endoderm cells. 
Lipid and Nucleic  Acid Extraction 
Whole  blastulae  or  pooled cells from each  germ 
cell layer were extracted by brief homogenization in 
20  volumes of a  mixture  of chloroform and  methyl 
alcohol (2:1,  v/v).  The suspension was filtered on a 
Buchner funnel, and the residue was reextracted twice 
with  several  volumes of chloroform:methyl alcohol 
(2:1).  The combined filtrates were washed with dis- 
tilled water at 5°C according to Folch et al.  il 1). The 
interracial  material  was  removed  by  freezing  and 
filtration, and the residual chloroform was removed in 
a  vacuum at 40°C. Determinations were then made 
for  aldehydogenic lipid  (plasmalogen),  lipid  phos- 
phorus,  and  lipid  weight.  Plasmalogen  was  deter- 
mined  by  the  p-nitrophenyl-hydrazone method  of 
Wittenberg et al.  (12)  as  modified  by  Rapport  and 
Alonzo  (13).  Corrections  were  made  for  material 
absorbing at 390 mD in the acid-treated sample. Lipid 
phosphorus  was  determined  by  the  procedure  of 
Beveridge  and  Johnson  (14).  Total  lipid  was  de- 
termined  gravimetrically.  Nucleic  acids  were  ex- 
tracted with hot trichloroacetic acid by the method of 
Schneider (15).  DNA was estimated by the diphenyl- 
amine method of Dische (16).  RNA was determined 
by the oreinol method of Mejbaum (17). 
Lipid Fractionation 
The lipid extracts of whole blastulae and of indi- 
vidual germ layers were separated into three fractions 
on silicic acid columns by the method of Rapport and 
Alonzo (18).  These fractions were: (1)  neutral lipids, 
(2)  phospholipids containing free amine groups, and 
(3)  phospholipids containing choline. The two phos- 
pholipid fractions were then analyzed quantitatively 
by  thin  layer  chromatography  using  chloroform: 
methyl alcohol: 15 N NH4OH  (14:6:1, by volume) as 
the  developing solvent,  and  iodine vapor for detec- 
tion.  Chromatographic  plates  were  prepared  with 
Kiesel-Gel G  (Merck) using the apparatus of Brink- 
man  Instruments, Inc.  The  individual phospholipid 
components were identified by:  (a)  elution behavior 
on silicie  acid columns,  (b) comparison of R I  values 
on thin layer  chromatography with those of known 
phosphollpids, and  (c)  specific spot  tests.  Phospho- 
lipids containing free amine groups were identified by 
spraying the chromatographic plate with  a  solution 
of 0.5 per cent ninhydrin in pyridine and heating for 5 
minutes at  120°C.  Choline-containing phospholipids 
were detected by the Dragendorff procedure as modi- 
fied by  Skidmore  and  Entenman  (19).  Inositol was 
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graphic  technique of Bohm and  Richarz  (20).  Plas- 
malogens were detected by spraying  the plates with 
fuchsin-sulfurous acid as described by Skidmore and 
Entenman  (19).  The  individual  bands  resolved  by 
thin  layer  chromatography  were  removed from  the 
plate  and  the  lipid-containing  gel was  analyzed  for 
phosphorus  by  the  procedure  of  Beveridge  and 
Johnson (14). 
RESULTS 
Lipid  and  Nucleic  Acid  Distribution  in  the 
Isolated  Germ  Layers 
Rana pipiens embryos at the end  of the blastula 
stage were dissociated  into  a  cell suspension  and 
separated  into  presumptive ectoderm,  mesoderm, 
and  endoderm  by discontinuous  density  gradient 
centrifugation.  The  cells  from  each  germ  layer 
were  analyzed  for  total  lipid,  lipid  phosphorus, 
RNA,  and DNA.  The results are shown in Table 
I.  The  sum  of each  of the  substances  was  com- 
pared with analyses of whole embryos at the same 
stage  of  development.  Recovery  of  dissociated 
cells in the combined germ layers shown in Table 
I  was  better  than  97  per  cent.  Each  value  in 
Table I  represents the analysis of cells from several 
thousand  eggs pooled from five animals.  The nu- 
cleic acids have been expressed in terms of micro- 
moles of RNA phosphorus  and  DNA phosphorus 
per gram of dry weight so that they may be com- 
pared with the lipid phosphorus content. The rela- 
tive distribution of cell dry weight among the three 
germ layers is given so that the absolute contribu- 
tion of lipid and nucleic acid from each germ layer 
to the whole embryo can  be calculated.  The  last 
column lists the RNA :DNA ratios found for each 
germ  layer.  Similar  results  have  been  obtained 
with  a  duplicate  preparation  of  isolated  germ 
layers. 
The  results  presented  in Table  I  may  be  sum- 
marized as follows. First, total lipid constitutes the 
same  proportion  (252  -4-  7  rag/gin)  of  the  dry 
weight  in  each  of  the  germ  layers.  In  terms  of 
distribution  of  total  dry  weight,  ectoderm  and 
mesoderm  account  for  20.4  and  18.6  per  cent, 
respectively, of the embryo at the end of the blas- 
tula  stage.  The combined  endoderm fractions,  by 
comparison,  contribute  nearly  two-thirds,  or  61 
per cent, of the dry weight of the embryo. 
Second,  at the end  of the blastula  stage,  the R. 
pipiens  embryo  contained  200  t~g  of DNA  phos- 
phorus  per gram dry weight. As calculated on the 
basis  of  1.64  4-  0.02  (errors  are  standard  devia- 
tions  based  on 5  groups  of 40  embryos  each)  mg 
dry  weight  per  embryo,  each  embryo  contained 
0.33  /~g  DNA  phosphorus.  In  adult  tissue,  the 
quantity of DNA per sample may be taken  as an 
indication of cell number,  since there is a constant 
amount of DNA per nucleus in each non-dividing 
cell.  Unfertilized  amphibian  eggs,  however,  con- 
tain  a  quantity  of  cytoplasmic  DNA  which  is 
equivalent to the amount found in 5000 to  10,000 
adult cells (1, 7). The DNA content of the embryo 
remains  constant  until  late  blastula  stage,  after 
which rapid DNA synthesis begins (1,  7).  It is not 
clear  whether  the  cytoplasmic  DNA  is  a  direct 
precursor  of  the  DNA  needed  for  cell  division 
during  formation  of the blastula.  The  proportion 
TABLE  I 
Lipid and Nucleic Acid Distribution  in  the Isolated Germ  Cell Layers at  the  End of the  Blastula Stage 
Tissue dry  Total  lipid  Total  lipld  RNA  DNA  RNA-P 
Germ layer  weight  weight  phosphorus  phosphorus  phosphorus  DNA-P 
% of total 
Presumptive ectoderm  20.4 
Presumptive mesoderm  18.6 
Presumptive endoderm  24.4 
(light) 
Presumptive endoderm  36.6 
(heavy) 
Whole embryo 
S/X* 
mg~m d~ wt  ~mo#s/gm d~  #mo~s~m  du  Dmo#s/gm  d~ 
wt  wt  wl 
252  39.0  245  10.6  23.1 
244  56.4  328  8.25  39.6 
272  76.5  104  6.10  17.0 
244  68.1  57.5  3.42  16.5 
249  63.9  158  6.46  24.5 
4-1.5v  =t=2.2%  -4-2.1% 
* Average relative standard deviation based on three analyses of each sample. 
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blastula stage is not known,  and may be different 
in the different germ layers. The decreasing DNA 
concentrations from ectoderm to endoderm shown 
in  Table  I  are  also consistent with  the  fact  that 
cell size increases markedly from animal to vegetal 
pole. 
Third, relative to cell dry weight the lipid phos- 
phorus  content  increases from  ectoderm  to  endo- 
derm,  the  highest  lipid  phosphorus:dry  weight 
ratio  appearing  in  the  light  endoderm  fraction. 
The lipid phosphorus'DNA phosphorus ratios for 
each  germ  layer  are  as  follows:  ectoderm,  3.7; 
mesoderm,  7.0;  light endoderm,  12.5;  and  heavy 
endoderm,  20.0.  Assuming  a  relatively constant 
DNA content per cell in the different germ layers, 
these  ratios  suggest  that  endoderm  cells  have 
twice  the  lipid  phosphorus  content  of mesoderm 
cells and four times the lipid phosphorus content 
of ectoderm cells. Since the  total lipid represents 
the  same  proportion  of  the  dry  weight  of each 
germ  cell  layer,  there  must  be  a  neutral  lipid 
gradient  decreasing from  ectoderm  to  endoderm 
superimposed on  the  total phospholipid gradient 
increasing from  ectoderm  to  endoderm.  This  has 
been  confirmed  by separating neutral lipid from 
phospholipid on silicic acid columns by the method 
of Rapport and Alonzo (18).  It is interesting that 
ectoderm and mesoderm, the germ cell layers with 
the highest metabolic activity at the beginning of 
gastrulation,  have  the  lowest  phospholipid  and 
highest neutral lipid content. 
In  contrast  to  lipid  phosphorus,  RNA  phos- 
phorus is highest in the mesoderm, although as in 
the case of DNA the RNA content of the ectoderm 
is three times greater than  that of the endoderm. 
These results are in agreement with cytochemical 
observations on RNA distribution in the develop- 
ing amphibian embryo. A  number of workers (1, 
7)  have  shown  that  an  RNA  polarity  gradient 
decreasing from the animal to  the vegetal pole is 
already visible in the unfertilized or freshly fertil- 
ized egg and remains intact during cleavage. 
An  interesting  point  established  by  the  data 
shown in Table I is that the ratio of RNA to DNA 
is different in each germ layer. The highest ratio 
(39.6)  was  found  in  cells of mesodermal  origin, 
and  the  lowest  (16.6  to  17.0)  in  cells  of  endo- 
dermal origin. For comparison, the highest RNA: 
DNA ratios reported for adult mammalian tissues 
are for liver (4.3 to 4.8)  and pancreas  (4.0).  The 
highest  RNA'DNA  ratios  previously  reported 
were for Drosophila larva (14.4) and for yeast (21) 
TABLE  II 
Phospholipids* of Rana pipiens Embryos at the 
End of the Blastula Stage 
/.~mo|es lipid 
Phospholipid class  phospborous  per cent 
of total 
gm dry wt 
Phosphatidylcholine  21.6  33.8 
Inositol phospholipids  21.5  33.6 
Phosphatidylethanol-  8.1  12.7 
amine 
Sphingomyelin  7.9  12.4 
Unidentified and minor  4.8  7.6 
components 
Total lipid phosphorus  63.9  100 
* Average  relative standard  deviation  less than  4-2 
per cent, based on three analyses. 
(for review see 21).  In general, high RNA:DNA 
ratios  are  observed  in  tissues  with  high  protein 
synthetic activity. 
Phospholipid  Heterogeneity  in  the  Isolated 
Germ Layers 
The major phospholipid classes in the whole R. 
pipiens embryo at late blastula stage are listed in 
Table  II.  Each  value  represents  the  micromoles 
of lipid phosphorus per gram dry weight isolated 
from an aliquot of the dissociated embryonic cells 
taken before their separation into ectoderm, meso- 
derm,  and  endoderm  by  the  density  gradient 
technique.  From  each  gram dry weight  of cells, 
63.9 #moles or  1.98  mg of total lipid phosphorus 
and 249 mg of total lipid were recovered. If phos- 
pholipid is assumed to contain 4.0 per cent phos- 
phorus, then phospholipid comprises 19.9 per cent 
by weight of the total embryo lipid at the end of 
the blastula stage. The total lipids were separated 
into  three  fractions  on  silicic acid  columns:  (1) 
neutral lipids, (2) amine-containing phospholipids, 
and (3) choline-containing phospholipids. The two 
phospholipid fractions were analyzed by thin layer 
chromatography. Fraction 2 was found to separate 
into  a  major  ninhydrin-positive band  (R  I  0.65) 
identified  as  phosphatidylethanolamine  and  a 
trace  ninhydrin-positive  component  (R/  0.20) 
identified  as  lysophosphatidylethanolamine.  No 
phosphatidylserine could be detected. As shown in 
Table II, phosphatidylethanolamine comprised 13 
per cent of the total lipid phosphorus.  Fraction 3 
contained  three  major  components.  Thirty-four 
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a  single  band  (R  l  0.39)  and  was  identified  as 
phosphatidylcholine.  Twelve per cent was identi- 
fied  as  sphingomyelin  (Rf 0.21).  Thirty-four  per 
cent migrated as a  single band  (Rf 0.10)  with an 
R s comparable to inositol phospholipid from hen's 
egg.  Paper  chromatographic  analysis  of acid  hy- 
drolyzates of this band demonstrated  the presence 
of inositol.  However, this inositol-containing com- 
ponent  was  ninhydrin-positive  and  showed  an 
absorption  peak at 280 m# in chloroform:methyl 
alcohol  (2:1),  suggesting  the  presence  of  amino 
acids and/or peptides. The ninhydrin-positive ma- 
terial  can  be  removed  by washing  the  lipid  with 
0.1  N HCI, indicating that the amino acids and/or 
choline,  phosphatidylethanolamine,  sphingomye- 
lin,  and  inositol  phospholipid)  in  isolated  pre- 
sumptive  ectoderm,  mesoderm,  and  light  and 
heavy endoderm is shown in Table  III. The lipid 
phosphorus  is  expressed  in  micromoles  for  com- 
parison  with  the  ethanolamine  plasmalogen 
content shown  in the last column. 
The  results  shown  in  Table  III  demonstrate 
that  the  phospholipid  composition  is different  in 
each  of  the  germ  layers.  Three  phospholipid 
classes,  the choline-,  ethanolamine-,  and  inositol- 
containing  phospholipids,  increase  per  gram  dry 
weight from ectoderm to endoderm.  Sphingomye- 
lin, on the other hand,  is higher in ectoderm and 
light endoderm than in either mesoderm or heavy 
TABLE  III 
Phospholipid* Distribution  in the Isolated Germ Cell Layers 
(Micromoles per gram dry weight) 
Inositol  Phosphatidyl-  Phosphatidyl-  Ethanolamine 
Germ layer  phospholipid  choline  S  phingomyelin  ethanolamine  plasmalogen 
Presumptive ectoderm  11.2  10.8  9.27  2.42  1.22 
Presumptive mesoderin  20.0  21.5  5.50  5.61  0.92 
Presumptive endoderm  (light)  29.1  24.5  11.1  8.04  0.63 
Presumptive endoderm  (heavy)  23.0  26.0  6.13  11.6  0.37 
* Average relative standard  deviation less than 4-2 per cent based on three analyses of each sample. 
peptides are in saltlike linkage.  In addition to the 
three  major  components  in  fraction  3,  trace 
amounts  of lysophosphatidylcholine  were also de- 
tected.  Analysis  of  the  total  lipid  sample  also 
showed  the  presence  of  both  lysophosphatidyl- 
choline  and  lysophosphatidylethanolamine,  in- 
dicating  that  these components were not hydroly- 
sis  products  from  the  silicic  acid  columns. 
The  phospholipid  fractions  were  also  analyzed 
for  plasmalogen,  a  phospholipid  class  containing 
an  c~,f3-unsaturated  ether  linkage  substituted  for 
a  glycerol  acyl  ester  group.  Seven-tenths  micro- 
mole  of  higher  fatty  aldehyde  per  gram  dry 
weight was found in fraction 2; less than 0.1  /~mole 
was  found  in  fraction  3.  Three  and  one-tenth 
micromoles of higher fatty aldehyde was recovered 
per gram weight of embryo from the neutral lipid 
fraction.  Thus  phospholipid  plasmalogen  was 
present  mainly  as  the  phosphatidylethanolamine 
derivative and  comprised  9  per  cent  of the  total 
phosphatidylethanolamine. 
A  comparison of the relative distributions of the 
four  major  phospholipid  classes  (phosphatidyl- 
endoderm.  In  contrast  to  phosphatidylethanol- 
amine,  ethanolamine  plasmalogen decreases from 
ectoderm to endoderm.  As is shown in Table III, 
50  per cent of the ethanolamine  phospholipids  of 
ectoderm contain aldehydogenic linkages, whereas 
the  ethanolamine  phospholipids  from  mesoderm 
and  endoderm contain  16 per cent and  3 to 8 per 
cent  plasmalogen,  respectively.  As  mentioned 
above, only 9 per cent of the phosphatidylethanol- 
amine  of  the  whole  embryo  was  found  to  be 
plasmalogen. 
The  relative distribution  of  each  phospholipid 
class within  a  given germ cell layer can  be better 
seen in Table  IV.  These results compare the four 
major  classes  of  phospholipids--phosphatidyl- 
choline,  phosphatidylethanolamine,  sphingomye- 
lin,  and  inositol-containing  phospholipids--on  a 
mole per mole basis  in each  of the isolated  germ 
layers. In each germ layer, the amounts of sphingo- 
myelin,  phosphatidylcholine,  and  inositol-con- 
taining phospholipids are related to phosphatidyl- 
ethanolamine.  Total  cell  phospholipid  can  be 
almost  completely  recovered  from  the  membra- 
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values  in  Table  IV  illustrate  the  relative  molar 
ratios of the four phospholipids in the membranes 
of each morphogenetic region. 
Several  points  are  readily  apparent  from  the 
values shown in Table  IV.  First,  as noted  above, 
each germ cell layer shows a  unique phospholipid 
distribution  pattern.  As  might  be  expected,  the 
most  widely  differing  distribution  patterns  are 
found  between  ectoderm  and  heavy  endoderm; 
the  most  similar,  in  mesoderm  and  light  endo- 
derm.  Second,  phosphatidylethanolamine  is  the 
minor component in the ectoderm and light endo- 
derm,  whereas  sphingomyelin  is  the  minor  com- 
ponent in the heavy endoderm.  Third,  on a  mole 
TABLE  IV 
Relative  Distribution  of  the  Major  Phospholipid 
Classes  in  the  Isolated  Germ Layers 
Germ layer  PhE  Sph  PhC  Phi 
Ectoderm  1.0  3.8  4.5  4.7 
Mesoderm  1.0  1.0  3.8  3.6 
Endoderm  (light)  1.0  1.4  3.0  3.6 
Endoderm  (heavy)  1.0  0.5  2.2  2.0 
Abbreviations:  PhE,  phosphatidylethanolamine; 
Sph,  sphingomyelin;  PhC,  phosphatidyleholine; 
Phi,  inositol phospholipids. 
per  mole  basis,  inositol-  and  choline-containing 
phospholipids  are present in nearly five times the 
concentration  of phosphatidylethanolamine  in the 
ectoderm,  but  in  only twice the concentration  of 
phosphatidylethanolamine in the heavy endoderm. 
It  is  interesting  that  phospholipids  which  have 
relatively  unrelated  biosynthetic  pathways,  the 
inositol-containing  phospholipids  and  phospha- 
tidylcholine,  are  parallel  with  respect  to  concen- 
tration  in  the different germ layers,  whereas  two 
phospholipids  on  the same biosynthetic  pathway, 
phosphatidylcholine  and  phosphatidylethanol- 
amine,  show  marked  divergences.  In  general, 
sphingomyelin,  phosphatidylcholine,  and  inositol- 
containing  phospholipids  are  present  in  greater 
proportion  in  the ectoderm and  decrease  relative 
to  ethanolamine-containing  phospholipids  from 
ectoderm to endoderm. 
DISCUSSION 
The present experiments demonstrate that at least 
two lipid gradients of opposite polarity are present 
in the R. pipiens  embryo at the end of the blastula 
stage.  The  first,  a  neutral  lipid  gradient,  decreases 
from  ectoderm  to  endoderm,  and  a  second,  a 
phospholipid  gradient,  follows  the  yolk  platelet 
gradient and increases from ectoderm to endoderm. 
If it is assumed  that  the total DNA per cell, both 
nuclear and cytoplasmic, is a  constant,  it becomes 
possible  to  approximate  the  relative  number  of 
cells in each germ layer. A calculation of the actual 
number  of cells could  be  made  if the  number  of 
cells in the embryo at stage 91~  were known.  Sze 
(23)  has  estimated  that  there  are  32,000  cells at 
stage  10.  We  have  chosen  16,000  as  an  approxi- 
mate  number  of cells for  stage  91/~,  and  on this 
basis  have calculated  the cell population  and  the 
phospholipid  and  RNA concentration  per  cell of 
each  germ  layer.  These  values  are  presented  in 
Table V. Since RNA (1,  7) and phospholipid  (22) 
concentrations  are  relatively  constant  at  least 
until  gastrulation,  our  estimates  may  be  close  to 
the actual value when the embryo is at the  16,000- 
cell  stage.  As  can  be  seen,  the  cell  populations 
range  from  5400  in  the  ectoderm  to  3100  in  the 
heavy endoderm.  Since the percentage of the total 
dry  weight  contributed  by  each  germ  layer  is 
known,  the relative dry weight per cell can be cal- 
culated  for  the  individual  germ  layers.  These 
values are given in the third column and  show the 
average  dry  weight  per  cell  in  mesoderm  and 
endoderm relative to ectoderm. Since the approxi- 
mate mean density of cells (of the first 3 layers)  is 
also  known  (Fig.  1),  substituting  the  appropriate 
values into  the  equation  density  =  mass/volume 
allows the calculation of the average cell volume of 
endoderm  and  mesoderm  relative  to  ectoderm. 
Relative cell volumes exhibit the same progression 
from ectoderm to heavy endoderm,  1.0 : 1.3 : 1.8 : > 
3.0,  as  found  for  dry  weight  per  cell,  shown  in 
Table V,  indicating  that  the cell water content is 
the  same  in  the  different  germ  layers.  Thus  an 
average  cell in  the  mesoderm  is only 30  per cent 
larger than  an  average ectoderm cell; whereas an 
average  light  endoderm  cell  is  about  2  times 
larger  than  an  average ectoderm cell. 
The  phospholipid  and  RNA concentrations  per 
cell shown in Table V  illustrate the marked differ- 
ences among cells from the different germ layers. 
An  average  mesoderm  cell,  for  example,  has 
nearly  twice  as  much  phospholipid  and  RNA as 
an ectoderm cell. In contrast,  a  "light" endoderm 
cell has  nearly three  times  the  phospholipid  con- 
centration  of an  ectoderm cell but  only about  60 
per cent as  much  RNA.  These  results do  not,  of 
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from  a  given  germ  layer,  but  represent  average 
concentrations for sections taken from a  continu- 
ous gradient. 
In addition to a  total phospholipid gradient, it 
was found that  there  are differences in phospho- 
lipid  composition  in  different  germ  layers.  It  is 
interesting  that  two  phospholipids,  plasmalogen 
and sphingomyelin, which are major components 
in myelin are highest in the  ectoderm,  the  germ 
layer  that  gives  rise  to  the  embryonic  nervous 
system. An unusual finding was the high concen- 
tration of inositol phospholipids containing amino 
acids  and/or  peptides.  The  presence  of  amino 
acids in phospholipids has also been described  for 
differentiation. Jacob  and  Monod  postulate  that 
the induction of synthesis of an enzyme which was 
not previously present in a  cell involves the dere- 
pression of the chromosome region that carries the 
appropriate genetic code. The inducer, which may 
be a substrate for the enzyme or an analogous sub- 
stance, is presumed to combine with or somehow 
inactivate  the  repressing  substance.  Thus  avail- 
ability  of  certain  substrates  in  cytoplasmic  and 
nuclear pools would limit the enzymes produced in 
different morphogenetic regions of the embryo. 
Pool sizes are in turn determined by transport 
and accumulation mechanisms at the cytoplasmic 
and nuclear membranes. Investigations by a num- 
ber of workers have implicated specific lipids in the 
TABLE  V 
Calculation  of Cell Population and RNA and Phospholipid  Concentrations in  the Isolated  Germ Layers 
Ratio*  dry 
Germ layer  No. cells per embryo  wt/cell  Lipid-P per cell  RNA-P per cell 
Ectoderm 
Mesoderm 
Endoderm (light) 
Endoderm (heavy) 
Whole embryo 
NNmo~s  ~Nmo~s 
5,400  1.0  11.8  74.5 
3,800  1.3  24.4  141. 
3,700  1.8  34.0  46.1 
3,100  3.1  36.0  30.4 
16,000 
* Ectoderm taken as 1.0. 
Drosophila  larvae  (24).  In  very  young  Drosophila 
larvae essentially all the non-protein amino acids 
are found in a lipid-soluble fraction (25). 
The  possible morphogenetic  influence of cyto- 
plasmic gradients should be considered with refer- 
ence  to  the  nuclear  transplant  experiments  of 
Briggs and King (6).  Their studies demonstrated 
that until the beginning of gastrulation embryonic 
nuclei  are  essentially  unchanged  as  compared 
with  the  nucleus of the  fertilized  egg.  However, 
during  gastrulation,  as  tissue-forming  areas  are 
determined,  the  nuclei in these  areas  undergo a 
loss of embryonic potency and behave as though 
their developmental fate  were  becoming progres- 
sively limited. In other words, the genetic informa- 
tion which  is expressed,  and  suppressed,  in each 
area  must  be  a  function  of  the  different  cyto- 
plasmic environments. 
Brachet  (7)  and  others  have  suggested  that 
Jacob and Monod's hypothesis (26) for the control 
of gene activity in bacteria may be partially ap- 
plicable to the problem of the control of embryonic 
transport  of  cations  (27,  28),  sugars  (29),  and 
amino acids (30, 31), as well as in a variety of cell 
secretory processes (32). Recent studies by Morrill 
and Rapport  (33)  have shown that the phospho- 
lipid  composition  of  embryonic  subcutaneous 
adipose cells is markedly altered during the period 
of functional differentiation when fatty  acids are 
rapidly accumulated. Preliminary experiments by 
Kostellow  (34)  have  demonstrated  that  isolated 
nuclei from the late blastula stage show a rapid and 
transitory  incorporation  of  amino  acids  into  a 
lipid-soluble  fraction. 
The  determining influence of the  cytoplasmic 
environment is not, of course, limited to the sub- 
stances  which  are  partitioned  into  each  cell  by 
cleavage.  Inducing  and  inhibiting  substances 
which  are  transferred  from  one  developing  em- 
bryonic area to another seem to be definitive from 
gastrulation onward,  and  experimentally can  be 
made  to  override  the  usual  presumptive  tissue 
areas.  Membrane  lipid  components could  be  of 
significance in determining the rate of exit of sub- 
28  THE  JOURNAL  OF  CELL  BIOLOGY  "  VOLUME  ~5,  1965 stances  from  an  inducing  region,  and  the  rate  of 
penetration  of these  substances  into  the  induced 
tissue. 
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